BADGE (BADGE 2O, BADGE H2O, BADGE Cl 2O, BADGE Cl, and BADGE HCl) have been shown to have migrated into food [3] [4] [5] .
Some in vitro studies have suggested that BADGE has estrogenic effects [6, 7] . In other reports, BADGE has been found to be a partial antagonist in the E-SCREEN assay [8, 9] . In 1999, European Commission the Scientific Committee of Food (SCF) published a new review on the safety of BADGE and concluded that there was no evidence for a systemic tumorigenic effect of topically applied pure or technical grade BADGE [10] . However, these reports did not provide sufficient evidence to require a safety assessment of food-cancoating epoxy compounds [11] .
While consumer exposure to BADGE from epoxy can coatings is generally well below the regulatory threshold, some concerns have been raised that BADGE could be an endocrine disrupting chemical with a potential to cause reproductive and development toxicologic effects. This led the European Commission to initiate an evaluation of available data on BADGE.
The evaluation concluded that the currently available data from in vivo studies in laboratory mammals do not indicate that BADGE causes adverse effects on reproduction [12] .
In single-dose oral toxicity tests with BADGE, a LD50 values were upper than 1000 mg/kg has been recorded in studies with rats, mice, and rabbits. In full-dose tests, the oral LD50 for a commercial BADGE-based epoxy resin were reported to be 11 400 mg/kg in rats, 15 600 mg/kg in mice, and 19800 mg/kg in rabbits [13] . However, the study of rats exposed with a single oral dose was presented the possibility that BADGE might be induced general and reproductive toxicity below 1000 mg/kg/day [14] . Accordingly, it would be very interesting to know the effects of BADGE below 1000 mg/kg/day on testis.
Possible approaches to the evaluation of testicular damage after treatment with a noxious substance include traditional mating studies and pregnancy outcome, sperm production and motility, and histopathology [15] . Although the histopathologic evaluation shows the disadvantages of being subjective and time-consuming [16] , this is the traditional method used for the detection of testicular damage produced by physical or chemical insult [17] and a sensitive tool for the detection of potential adverse effects on the testicle [18] .
In this study, we performed to show the testis effects of acute exposure from 500-2000 mg/kg/day of BADGE in adult male rats.
. Chemicals
BADGE and corn oil were purchased from SigmaAldrich Co. (St. Louis, MO, USA).
. Experimental Animals
The developmental toxicity study was performed in accordance with the Good Laboratory Practice (GLP) guidelines for Animal Experiments of Chemon Co. Ltd. Specific pathogen-free (SPF) Sprague-Dawley rats at 7 weeks of age (25 males) were purchased from the Dae Han Biolink Co. Ltd. (Eunseong County, Chung cheongbuk-do, Korea). The rats were identified and singly housed in suspended wire cages. They were housed in an animal room controlled at 23 3 relative humidity at 55 15% with a light/dark cycle of 12 hours (light from 20:00 to 08:00 hours) and given free access to food (Teklad Global 18 % Protein Rodent Diet; Harlan Co. Ltd., Madison, WI, USA). After acclimatization to the light/dark cycle for 1 week, the experiment was started.
. Experimental Design
Animals were segregated into 5 groups of 5 rats each. Allocation of animals to dose groups was done by body weight randomization to ensure equal weight distribution among the groups. One group was treated with corn oil, which served as the control. The control group received an equivalent amount of corn oil. Four groups were treated with BADGE 500, 750, 1000 and 2000 mg/kg/day in each. The doses were determined from previous results showing that an acute exposure to BADGE (1000 mg/kg/day) resulted in changes in the reproductive system [14] .
Each concentration of BADGE was dissolved in corn oil and sonicated with 40 and wrapped in foil to prevent photodegradation. The compound was administered by gavage in corn oil at a volume of approximately 10 mL/kg of body weight. Thereafter, all animals were observed carefully for 14 days during which mortality, body weight, and gross behavioral changes were noted on the 1st, 3rd, 7th, and 14th days. Each group necropsy was conducted on the 14th day.
. Observational Items i) General observations
The animals were observed once daily during the predosing period, twice daily for behavioral and/or clinical changes on the day of dosing, or more frequently when indicated by the response of the animals to the treatment and at least once daily thereafter for 14 consecutive days.
ii) Body weight and testis weight record
The weights of all of the animals were recorded daily and any abnormalities in gross behavioral changes or food and water intake were also registered. All animals were observed carefully for 14 days during which mortality, body weight, and gross behavioral changes were noted on the 1st, 3rd, 7th, and 14th days. Each group necropsy was conducted on the 14th day. The weights of the testes were reported as both absolute and relative weights (testis weight/body weight 100).
iii) Histology of testis
The testis was preserved and fixed in Bouin s solution for 24 hrs, and then washed several times with ethanol (70%) before embedding in paraffin. The embedded tissue was sectioned in 5 m thicknesses, and stained with periodic acid schiff (PAS) and hematoxylin-eosin (H&E).
Stained slides were analyzed by light microscopy (Olympus, Tokyo, Japan). All cross-sections of the seminiferous tubules in 1 transverse section of the testis were examined. In addition to the histologic changes, the progression of spermatogenesis was also evaluated (Figure 1 ). When the progression of spermatogenesis was not sufficient quantitatively, the seminiferous tubule was classified as an immature tubule, and when the progression was quantitatively sufficient, the tubule was classified as a fully-matured tubule. If the development of the seminiferous tubule was in between immature and fully-matured, it was classified as a maturing tubule. For evaluation of the progression of spermatogenesis, three areas of all cross sections of the testis were observed and 10 seminiferous tubules in each area were arbitrarily classified as fully-matured, maturing, and immature [17, 19] .
iv) Sperm toxicity
All animals were assessed for sperm number, motility, and abnormalities. The right testes and cauda epididymis were homogenized separately for 2 min using IKA Ultra Turrax (model T25 basic Staufen, Germany) in 50 mL (testis) or 20 mL (cauda epididymis) of 0.9% saline containing 0.05% Triton X-100 and 0.01% thimerosal. Homogenates were diluted to approximately 1 10 6 sperm/mL, and counts from 4 hemocytometer chambers were counted and averaged.
v) Statistical analysis
Body weight, testis weight, and sperm toxicity were performed using the Kruskal-Wallis test. The frequency analysis between control and treatment groups was performed using 2 -test. All differences with a p < 0.05 were considered significant. 
I. General Observations
After oral gavaging, one of the controls was observed to have soft stools; however, there were no deaths in the control and treatment groups. All BADGE-treated animals had slightly reduced food and water consumption on the day of administration, and the next day food and water consumption was lower in the BADGE 1000 and 2000 mg/kg/day-treated groups compared to the control group.
II. Body Weight and Testis Weight
The body weight and standard deviation of the control and 500, 750, 1000, and 2000 mg/kg/day BADGEtreated groups showed 256. 81 6.51 g, respectively. After administration, the body weight of the control group was gradually increased. The body weight of the BADGE treatment group was lower, but there was a similar weight gain to the control group ( Figure 2) .
The relative weights of the testes in the rats treated with BADGE were slightly lower than those of the control rats. There was no significant change in the weight of the testis at any of the doses treated (Table 1) .
III. Histologic Observation
The testicular histology of the treated rats showed a dose-dependent effect of BADGE on spermatogenesis ( Table 2 ). The proportion of immature tubules varied widely among the rats exposed to BADGE (2000 mg/kg/day). The number of immature seminiferous tubules increased slightly in the rats treated with BADGE (500 mg/kg/day), but there was no difference in the immaturity of the seminiferous tubules between the control and the BADGE 500 mg/kg/day-treated group. In the testes of the rats exposed to BADGE (750 and 1000 mg/kg/day), histologic changes, including germ cell degeneration, were rare. In these groups, most seminiferous tubules were classified as maturing groups, but immaturity of the seminferous tubules was significantly higher than in the control group (p < 0.05). In the testes of the rats exposed to BADGE (2000 mg/kg/day), the number of immature seminiferous tubules was significantly higher than in the control group (p < 0.001). Two rats from the BADGE (2000 mg/kg/ day) treatment group were shown to be immature of all observed seminferous tubules ( Table 2) .
IV. Sperm Toxicity
There were no significant differences in the BADGE treatment groups with respect to sperm head count, sperm motility, and sperm abnormalities. However, two After exposure to BADGE, there were no significant differences in body weight.
BADGE: bisphenol-A diglycidyl ether. Table 1 . The changes of relative testis weight in male rats exposed to BADGE. Values are means and standard deviations. The relative testis weights of all treatment groups were not showed significant differences the means and standard deviations. BADGE: bisphenol-A diglycidyl ether. of the BADGE (2000 mg/kg/day) treatment group rats showed a relatively lower sperm head count and sperm motility, and higher sperm abnormalities than the control group (Table 3 ).
The purpose of the present study was to determine the effect of dose of BADGE acute exposure on the testis of adult male rats. There were no histologic changes in the testis between the control and BADGE 500 mg/kg/daytreated group, but the BADGE 750, 1000, and 2000 mg/kg/day groups had an increased number of immature and maturing sperm. The body weight and relative weights of the testes between the control and treated groups exhibited no statistical differences. This was partly due to the single oral exposure to BADGE in adult male rats and partly due to the inter-animal variability in responses for each dose group. The external appearance of the testis of the treated animals was unaffected after treatment.
The results of the histologic assessment, including the number of immature and maturing sperm, showed a dose-dependent increase according to the BADGE concentration on the rat testis, except for the BADGE 500 mg/kg/day-treated group. The histologic evaluation supported that the BADGE 250 mg/kg/day-treated male rats on a 2-year oral gavage toxicity study had degeneration of seminiferous tubules [20] . Reproductive or developmental toxicity was reported at 375 mg/kg/day of BADGE in male rats that were exposed in utero and during lactation [21] . Also, male rats with a single oral exposure to BADGE (1000 mg/kg/day) had a reduction in sperm number [14] . Therefore, a single oral exposure of BADGE interrupts physiologic spermatogenesis and leads to male infertility. Sperm head count and sperm motility were decreased and sperm abnormality was increased in a dosedependent fashion, but there were no significant differences. Two rats in the BADGE 2000 mg/kg/day group had slightly lower sperm motility and sperm number than the control group, but higher sperm abnormalities. The results of sperm toxicity were considered not individual-but group-related, so the BADGE 2000 mg/kg/day-treated group was evaluated for variations between individuals because each rat showed significant differences. Testicular sperm head counts might be a good indicator of spermatogenic damage [22] . An increase in sperm abnormality, and a decrease in sperm count and sperm motility are associated with decreased fertility [23, 24] and all these three spermatotoxic parameters are related to DNA fragmentation [25] . However, the testicular sperm head count was not decreased in the study. The reason was that testicular sperm head counts can overlook the effects of affecting earlier stages if the affected cells have not yet reached the stage of mature spermatids [16] .
The estrogen receptor binding capacity of BADGE was low in an in vitro study [9] , and the reproduction and developmental studies reported that BADGE does not affect reproduction or developmental endpoints [26] [27] [28] [29] . These limited or inadequate findings in experimental animals and the lack of epidemiologic data in humans indicated that BADGE could not be classified as a human carcinogen (group 3) [2] . However, evidence that BADGE could disrupt the endocrine system has been continuously reported. The single and repeatedly oral exposed adult male rats showed loss of spermatid in seminiferous tubules [14, 20, 21] . In addition, Bisphenol A bis (2,3-dihydroxypropyl) ether (BADGE.2H2O), as a metabolite from BADGE [30] , disrupted testicular steroidogenesis by increasing Nur77 gene expression [31] . The male workers whose work was to spray epoxy resin hardening agents, including BADGE and mixed organic solvents, showed higher urinary BPA concentrations than controls, and depressed gonadotrophic hormones [32] , although BPA is not a major metabolite of BADGE [33] . In our study, exposure of male rats to BADGE affected spermatogenesis following a single administration.
In order to investigate the functionality of the testis, clusterin expression should be measured. The earliest studies of clusterin were identified as a major protein in the secretory products of cultured rat Sertoli cells and in the fluid of ram rete testis [34, 35] . Sertoli cells are essential for testis formation and spermatogenesis and are directly regulated by follicle stimulating hormone and testosterone, which are responsible for the initiation and maintenance of spermatogenesis [36, 37] . The expression of clusterin mRNA was decreased in a dosedependent fashion in all groups of rats treated with BADGE [38] . Also, styrene-exposed rats were represent similar pattern of clusterin expression in testis [39] . Therefore, the clusterin expression on testis should be measured for evaluated physiologic effects.
According to these results, rats exposed to a single oral dose of BADGE (750 mg/kg/day) had an effect on the testis. Further studies are needed to determine the mechanisms of testicular toxicity of BADGE. 
